The energy value of dried egg albumen (DEA) for broiler chickens was determined with male Ross 708 broilers. Birds were fed a common broiler starter diet from day 0 to 17 and experimental diets from day 17 to 22 post hatching. A total of 192 birds was allotted to 3 diets in a randomized complete block design with 8 replicate cages per diet and 8 birds per cage. The experiment used a corn-soybean meal reference diet and 2 test diets which the DEA was added at 50 or 100 g/kg to partially replace the energy source in the reference diet. The analyzed DM of DEA was 934 g/kg, and the respective analyzed gross energy and CP were 5,310 kcal and 894 g/kg DM. Addition of DEA to the reference diet linearly increased (P < 0.01) ileal DM digestibility, ileal energy digestibility, and ileal digestible energy (IDE), metabolizable energy (ME), and nitrogen-corrected metabolizable energy (ME n ), whereas the effect on N retention was quadratic (P < 0.05). The IDE, ME, ME n of DEA values determined by the regression method were 4,777, 4,966, and 4,750 kcal/kg DM, respectively. In conclusion, the current study demonstrated that between 89 and 94% of the gross energy in dried egg albumen is utilized by broiler chickens.
INTRODUCTION
Evaluating feed ingredients for nutrient utilization using direct method involves adding a test ingredient as the sole source of the test nutrient in the experimental diet. To minimize dietary inadequacy of other nutrients that may result, ingredients containing negligible levels of the test nutrient, but high in other nutrients may be supplemented. Xue et al., (2016) indicated that to limit the effect of protein deficiency on P digestion, protein supplementation may be necessary in diets during P digestibility studies. Hence when using the direct method to determine phosphorus digestibility in mineral sources, dried egg albumen (DEA) is one of the suggested dietary protein ingredients because of its characteristic low P concentration (WPSA, 2013) . Energy value of DEA is a necessary information to formulate experimental diets that are adequate in energy. Published information on ileal digestible energy (IDE), metabolizable energy (ME), or nitrogen-corrected metabolizable energy (ME n ) contents of DEA is sparse. The regression method has been shown to be a reliable technique when a direct method is not applicable (Bolarinwa and Adeola, 2012; Pereira and Adeola, 2016 It was hypothesized that the energy value of DEA for broiler chickens could be determined by the regression method and therefore, the objective of the current study was to determine the IDE, ME, and ME n of DEA for broiler chickens using the regression method.
MATERIALS AND METHODS

Birds and Diets
Male Ross 708 chicks were obtained at the day of hatch from a commercial hatchery, individually tagged with neck ID numbers, and group weighed. The chicks were fed a nutritionally adequate common starter diet for 17 d before being put on the experimental diets for 5 d (Table 1) . On the first day of the treatment diet, d 17, a total of 192 birds were individually weighed and allotted to 3 experimental diets consisting of 8 replicate cages per diet with 8 birds per cage. The 3 experimental diets consisted of a corn-soybean meal reference diet and 2 test diets (Table 1) . DEA was added to the reference diet at 50 or 100 g/kg to replace the energy-containing ingredients of corn, soybean meal, and soybean oil, in such a way as to keep the ratios of these three ingredients the same for all the 3 diets. The analyzed gross energy and nitrogen (N) of the DEA were 5,310 kcal and 143 g/kg DM, respectively. Birds had free access to feed and water. On d 19, the excreta collection pans were lined with waxed paper for daily excreta collection. On d 22, the experiment was terminated after the birds had been individually weighed and ileal digesta from the distal two-thirds section of the ileum was flushed with water. All protocols used in the study were approved by the Purdue University Animal Care and Use Committee.
Analyses
Gross energy of the samples was analyzed by using an oxygen-bomb calorimeter (model 1261; Parr Instrument Co., Moline, IL) and the N content was analyzed with a nitrogen analyzer via the combustion method (Leco model TruMac N analyzer, Leco Corp., St. Joseph, MI; AOAC, 2000; Method 990.03). Titanium (Ti) was analyzed as described by Short et al. (1996) . Samples were weighed into 50-mL crucibles and ashed overnight at 580
• C. Each sample had 13 M sulfuric acid added and the crucibles were placed on porcelain-top hot plates at 300
• C to boil for 70 min. After the crucibles had cooled, the samples were transferred into 100-mL volumetric flasks containing 1 mL of 30% hydrogen peroxide and allowed to settle overnight and absorbance was read at 410 nm on a spectrophotometer. Using Ti as an index marker, digestibility and metabolizability of DM, energy, and N in diets as well as ileal IDE, ME, and ME n of the test ingredient, DEA, were calculated as described by Zhang and Adeola (2017) .
Growth performance and digestibility data were analyzed as a randomized complete block design using the GLM procedure of SAS (SAS, 2006) . The effects of increasing levels of DEA were compared using linear and quadratic contrasts. Regression of the test ingredientassociated IDE, ME, and ME n intake in kilocalories vs. the test ingredient intake in kilograms for each cage of birds was conducted using multiple linear regressions using the SAS statements described by Bolarinwa and Adeola (2012) . An α level of 0.05 was used to determine statistical significance.
RESULTS AND DISCUSSION
The birds fed DEA had better growth performance than those on the reference diet as there were both linear and quadratic effects (P < 0.05) of added DEA to the reference diet on final BW, weight gain, feed intake, and gain:feed ratio on d 22 post hatching Table 3 . Regression equations relating dried egg albumen (DEA)-associated energy intake to intake of DEA. (Table 2 ). The titanium recovery of the three diets (reference, 50, 100 g/kg DEA) were 107.6, 105.5, and 106.9%, respectively. The addition of DEA to the reference diet linearly increased (P < 0.01) ileal digestibility of DM, N, and energy and IDE. Total tract metabolizability of energy, ME, and ME n were linearly increased (P < 0.01) with increasing addition of DEA to the reference diet ( Table 2 ). The respective analyzed gross energy, nitrogen (N), Ca, and P of the DEA evaluated in the current study were 5310 kcal, 143 g, 2.02 g, and 1.09 g/kg DM. Table 3 shows the regression of the test ingredient-associated energy intake on intake of test ingredients for the determination of the energy values of DEA. The determined IDE, ME, and ME n of DEA were 4,777 kcal/kg DM, 4,966 kcal/kg DM, and 4,750 kcal/kg DM, respectively. Proportionally replacing the energy-containing ingredients of corn, soybean meal, and soybean oil in the reference diet with (DEA) at 0, 50, or 100 g/kg diet in place of the energy-containing ingredients of corn, soybean meal, and soybean oil increased the dietary protein from 215 to 275 g CP/kg diet. This, perhaps, resulted in the 10 and 13% improvements in weight gain and feed efficiency, respectively. Adding DEA also improved dietary energy utilization. Increasing the level of DEA linearly increased IDE, ME, and ME n this may be due to the highly digestible energy contents in DEA.
The determined IDE for DEA and the reference diet in the current study were 4,777 and 3,293 kcal/kg DM, respectively. The IDE for DEA was 45% higher than the IDE for the reference diet, which resulted in the linear increase in IDE with increasing level of dietary DEA. With ME and ME n , the determined ME for DEA and the reference diet were 4,966 and 3,398 kcal/kg DM, and ME n for DEA and the reference diet were 4,750 and 3,214 kcal/kg DM, respectively. The ME and ME n for the DEA was an average of 47% higher than the ME and ME n of the reference diet. Calculated ME of the reference diet was 3,339 kcal/kg DM compared with the analyzed ME of 3,398 kcal/kg DM.
In the current study, energy values for DEA for broiler chicken diets were determined. Because of its good protein quality and low P concentration, DEA is one of the suggested dietary protein ingredients for use in P evaluation assays (WPSA, 2013). To our knowledge there are no previous papers that report the energy value of DEA. The determined IDE, ME, and ME n of DEA were 4,777 kcal/kg DM, 4,966 kcal/kg DM, and 4,750 kcal/kg DM, respectively. Nitrogen correction resulted in 5% reduction in ME of the reference diet and an average of 7% reduction of the experimental diets, which are consistent with previous reports (Adeola and Ileleji, 2009; Bolarinwa and Adeola, 2012) . Comparing the ME n of DEA (4750 kcal/kg DM) with high protein sources, such as casein and sprayed blood meal (4,118 and 3,420 kcal/kg, respectively; NRC, 1994) , DEA has a higher ME n . Norberg et al. (2004) reported the AME and AME n of spray-dried egg for ducks were 5.26 and 5.05 kcal/g, respectively. Although the species and ingredients are different, both studies show that that the egg products have high energy values. In conclusion, IDE, ME, and ME n of DEA determined in the current study were 4,777, 4,966, and 4,750 kcal/kg DM, respectively and showed that between 89 and 94% of the gross energy in dried egg albumen is utilized by broiler chickens.
